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ABSTRACT: We report high-pressure Raman spectroscopy studies of Fe(IO3)3 up to nearly 21 
GPa that have been interpreted with the help of density-functional theory calculations, that 
include the calculation of phonon dispersion curves and elastic constants at different pressures. 
Zero-pressure Raman-active mode frequencies and their pressure dependences have been 
determined. Modes have been assigned and correlated to atomic movements with the help of 
calculations. Interestingly, in the high-frequency region there are several modes that soften under 
compression. These modes have been identified as internal vibrations of the IO3 coordination 
polyhedron. Their unusual behavior is a consequence of the changes induced by pressure in the 
coordination sphere of iodine, which gradually change from a three-fold to almost six-fold 
coordination under compression. The coordination change is favored by the decrease of the 
stereoactivity of the iodine lone electron pair, so that likely real six-fold coordination is attained 
after a first-order phase transition previously reported to occur above 21 GPa. The strong non-
linear behavior found in Raman-active modes as well as in theoretically calculated elastic 
constants has been discovered to be related to the occurrence of two previously unreported 
isostructural phase transitions at 1.5-2.0 GPa and 5.7-6.0 GPa as shown by dynamic instabilities 
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Metal iodates usually show asymmetric coordination geometry due to the presence of 
lone electron pairs (LEPs) in the iodine atom. Consequently, they can form a diversity of unusual 
structures and many of them have multiple promising properties or applications, such as a large 
second harmonic generation coefficient materials,1–4 chiral materials with second-order nonlinear 
optical activity in the visible, near and mid-IR ranges,5 and barocaloric materials.6 
Of particular interest are compounds with composition M(IO3)3, with M being a trivalent 
metal atom and iodine (I) being a pentavalent atom. These metal iodates show a diversity of 
unusual crystalline structures due to the asymmetric coordination geometry produced by the 
iodine LEP. A feature of these compounds is that IO3 units do not form planar triangles, like in 
borate (BO3) or carbon trioxide (CO3) units. Instead, IO3 units are not planar and have a 
pyramidal form with three O atoms in the corners of the base and the iodine atom in the top 
corner of the pyramid. This unit can be seen in Fig. 1, where the crystal structure of Fe(IO3)3 is 
schematically represented. In fact, the polyhedron around I could be described as IO3E 
tetrahedron, where E is the iodine LEP. Therefore, iodine can be considered as four-fold 
coordinated if we take into account the LEP, with iodine sitting in the center of a distorted 
tetrahedron where the oxygen atoms are occupying three corners, and the fourth one is occupied 
by the lone pair of electrons of the iodine atom. It should be noted that the I-O bond distance in 
the IO3E unit is of the order of 1.9 Å, while the I-O distances to the three second-next oxygen 
neighbors are between 2.55 and 2.95 Å (see Fig. 1). We will show that these atoms become 
relevant at high pressure (HP) to increase the coordination of I atoms and explain the changes 
observed in the vibrational properties of Fe(IO3)3. 
It is well-known that HP modifies interatomic distances, leading to changes in the 
physical properties of materials. This has contributed to improve the properties of materials and 
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to several discoveries that have impacted physics, chemistry, and materials sciences. Among 
transition-metal iodates, such studies have been carried out only in Fe(IO3)3.7 This material was 
studied by powder x-ray diffraction (XRD), infrared (IR) spectroscopy, and density-functional 
theory (DFT) simulations. It undergoes a first-order phase transition at 22 GPa, with a volume 
change and an abrupt change of the c/a axial ratio. The phase transition is triggered by changes in 
the coordination of iodine atoms, which is driven by the decrease of the stereoactivity of the 
iodine LEP. DFT calculations have proposed the occurrence of an unusual softening of 
vibrational modes associated with internal vibrations of the IO3 molecule. However, this 
hypothesis has not been confirmed by Raman experiments yet, which have been only reported at 
ambient conditions.8,9 
In this work, we will explore the proposed phonon-softening phenomenon by HP Raman 
spectroscopy (RS), which will be analyzed with the help of ab initio DFT calculations. We have 
performed high-pressure-RS (HP-RS) experiments up to 21 GPa to avoid the influence of 
precursor effects of the first-order phase transition that has been reported to occur at 22 GPa. 
Combining experimental and theoretical results, we will propose by the first time a tentative 
symmetry assignment for Raman modes of Fe(IO3)3 and discuss the nature of the soft phonons. 
In particular, we have found evidence of the occurrence of two subtle isostructural phase 
transitions (IPTs), which were not detected by previous studies. 
Before presenting and discussing our results we will briefly describe the crystal structure 
of Fe(IO3)3 which is shown in Fig. 1. The description of the structure is relevant for the 
discussion of results here reported. In Fig. 1, it can be seen that the structure is formed by FeO6 
octahedral units connected by isolated IO3 trigonal pyramids which deviate from the ideal 3m 
point symmetry because the lone pair takes up a larger region of space than do the single I-O 
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bonds. In the figure, we have included the bonds corresponding to the IO3 coordination 
polyhedron and dashed lines indicating the three second-neighbor O atoms, which become 
relevant under compression. 
We will start discussing the Raman spectra near ambient conditions. Our spectrum at 0.5 
GPa, the lowest measured pressure (shown in Fig. 2), is very similar to those reported in the 
literature.8,9 As it can be observed, the Raman-active modes are distributed in two isolated 
regions. One region for wavenumbers smaller than 500 cm-1 and another for wavenumbers larger 
than 650 cm-1, with a phonon gap between the two regions. The strongest mode is located at 792 
cm-1. Along the paper, we will show that the high-frequency modes are linked to I-O vibrations. 
In particular, they are internal modes of IO3 units. 
For Fe(IO3)3, group theory predicts thirty-seven Raman-active modes (12A + 12E1 + 
13E2). In previous studies,8,9 Ristic et al. measured seventeen modes and Bushiri et al. measured 
fourteen modes. In our experiments, we have measured twenty modes. The Raman-active modes 
are summarized in Table 1, where they have been given a superindex to number them in order of 
increasing frequency. It can be seen that there is a good agreement between the frequencies 
reported in different experiments.  
DFT calculated frequencies of Fe(IO3)3 are also reported in Table 1. DFT calculations 
give a good description of experimentally-observed Raman-active mode frequencies, with 
differences being smaller than 10%, which is typical for most oxides.10 In particular, the mode 
frequencies of Fe(IO3)3 in the low-frequency region are slightly underestimated by our 
PBEsol+U calculations, as happens in many other oxides.10 On the other hand, the calculated 
high-frequency modes have an offset of nearly 60 cm-1 with respect to experiments. The 
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comparison of frequencies and their pressure dependences (to be discussed below in relation to 
Fig. 3) allowed us to propose a tentative assignment of the experimentally-observed Raman-
active modes. The symmetry of the different modes is included in Table 1.  
According to our mode assignment, the strongest Raman-active mode, located at 
wavenumber 792 cm-1 (A11 mode in Table 1), can be identified as an internal symmetric 
stretching vibration of O atoms against the I atom inside IO3 units (see Fig. S1 in the 
Supplementary Information (SI)) and calculated to be at 729.2 cm-1 in Table 1. Notice that DFT 
not only describe properly Raman-active modes but also IR-active modes, already reported,7 and 
their pressure dependence.  
Interestingly, in many metal iodates with different compositions, the strongest Raman-
active mode is always located in the 730 – 800 cm-1 region. In Ni(IO3)2, Mn(IO3)2, Co(IO3)2, and 
Zn(IO3)2, the strongest Raman-active mode is in the 763-782 cm-1 range.11 In Al(IO3)3, Ga(IO3)3, 
and In(IO3)3, it is in the 730 - 800 cm-1 range.12 Finally, in KIO3, the strongest mode13 is at 748 
cm-1. All these iodates have in common that in their structure iodine atoms form IO3 trigonal 
pyramids with very short I-O bond distances. Based on this fact, it has been generally assumed 
that the strongest Raman-active mode of each compound is an internal symmetric stretching I-O 
vibration inside the IO3 unit. In the case of Fe(IO3)3, we support this conclusion by calculating 
the atomic motions associated with those modes (see Fig. S1). This fact will be discussed in 
more detail when presenting the HP results. The three Raman-active modes (E112, A12 and E213) 
with higher frequencies than the symmetric stretching mode correspond to asymmetric stretching 
I-O vibrations inside the IO3 unit (see Figs. S2, S3, and S4 in Supplementary Material). 
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We will start now discussing the HP behavior of the Raman spectra in Fe(IO3)3. In Fig. 2, 
we show Raman spectra at different pressures. They show a monotonous behavior with no abrupt 
changes up to 21 GPa, indicating that a first-order transition is not happening in this pressure 
range. This is in good agreement with results from previous XRD measurements.7 Previous 
infrared spectroscopy studies located the transition at 15 GPa.7 The lower transition pressure 
observed in these experiments is due to the use of a less hydrostatic medium in IR experiments 
(CsI) than in present Raman and previous XRD experiments (silicone oil).7,10,14,15 However, as 
we will discuss next, there are modes showing strong non-linear pressure dependences and soft-
mode behaviors that suggest possible continuous transitions as we will discuss next. All changes 
observed in the RS spectrum under compression are reversible as can be seen in Fig. 2 in the top 
RS spectrum measured after decompression. Note that at 10 GPa, there are two peaks near 300 
cm-1 that overlap. This causes an apparent increase in intensity at this frequency. In Fig. 2, a 
pressure-induced closing of the phonon gap can be also noticed. This fact is mainly caused by 
the hardening of modes below 450 cm-1 and the softening of all the measured high-frequency 
modes. Therefore, the closing of the phonon gap, evident in Fig. 3, where we have plotted the 
pressure dependence of the experimental and theoretical Raman-active modes, also suggests an 
increase of I coordination. 
Experimental and theoretical zero-pressure frequencies, pressure coefficients, and 
Grüneissen parameters show a relatively good agreement, as can be seen in Fig. 3 and in Table 1. 
In the figure, DFT results are shown only up to 12 GPa, because they underestimate the 
transition pressure of the first-order transition, as discussed in Ref. 7. Therefore, for consistency 
DFT results are compared with experiments only for the pressures below the theoretical first-
order phase transition. As observed in Fig. 3, many Raman-active modes show anomalous 
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pressure dependences. Not only there are high-frequency soft modes but also there are many 
modes in the low- and high-frequency region that show an S-like non-linear pressure dependence 
that will be commented later. Consequently, zero-pressure coefficients in Table 1 have been 
obtained using the pressure range where the frequency dependence is linear with pressure, near 0 
GPa, and Grüneisen parameters have been calculated using the bulk moduli given in the caption 
of Table 1. In Figs. 2 and 3, it can be seen that there is a progressive closing of the phonon gap 
with increasing pressure that suggests the existence of a close first-order phase transition above 
21 GPa; i.e. consistent with XRD measurements.7 Additionally, in the high-frequency region all 
the modes of Fe(IO3)3 have a soft-mode behavior, at least between 0 and 2 GPa. Using J-ICE we 
have identified that the high-frequency modes mainly correspond to symmetric and asymmetric 
I-O stretching vibrations inside the IO3 units (see Figs. S1 to S4 as examples). As shown in Fig. 
3, DFT not only supports the existence of soft modes but also provides a qualitatively good 
description for the pressure dependence of most observed modes. Note that, for high-frequency 
modes, theoretical calculations describe nicely the pressure dependence of experimental mode 
frequencies when an upward shift of 60 cm-1 is applied to calculated frequencies. 
Interestingly, we have found that one of the experimental soft modes of Fe(IO3)3 is the 
strongest mode at 792 cm-1 that we have tentatively attributed to the A11 mode (with a calculated 
frequency of 729.2 cm-1). The observed mode softening of the high-frequency modes can be 
correlated to the pressure-induced increase of two of the short I-O bond distances (see Fig. 4), 
which is expected to reduce the restoring force of stretching vibrations. According to our 
calculations, iodine atoms are three-fold coordinated at room pressure; however, as pressure 
increases coordination becomes first four-fold (at least above 5.7 GPa) and then gradually 
approach a six-fold coordination (see Fig. 4) becoming six at the phase transition at 22 GPa.7 
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This can be explained by the progressive reduction of the iodine LEP stereoactivity with 
increasing pressure, as found in a number of heavy pnictogen (As, Sb, and Bi) compounds with a 
strong LEP stereoactivity at room pressure, like α-Sb2O3,16–18 β-Bi2O3,19,20 isostructural Sb2S3, 
Sb2Se3, and Bi2S3 compounds,21 α-As2Te3,22 SbPO4,23 and As2S3.24 
Under a harmonic approximation, it can be assumed as a first approximation that the 
force constant, k, of the internal phonons of IO3 is a function of (dI-O)-3, where dI-O is the average 
I-O bond distance.25 Since the frequency of a stretching mode is proportional to the square root 
of the force constant and inverse proportional to the square root of the reduced mass, µ, of the 
bond, ω = (k/µ)1/2, we have that ω-2/3 should have a linear dependence on the average I-O bond 
distance. Using the results of our calculations, we have correlated the theoretical frequencies of 
the soft modes with the theoretical average I-O bond distance in IO3 units (see Fig. 5). There it 
can be seen that indeed there is a clear linear relationship between the ω-2/3 and the calculated 
average I-O bond distance for the soft high-frequency modes. Thus, the decrease of the phonon 
frequencies is a consequence of the slight enlargement of the three shortest I-O distances in order 
to accommodate additional O atoms around iodine as pressure increases. 
It is noteworthy that the average distance of the three short I-O bonds of the IO3 unit 
increases slightly under compression due to the changes induced by pressure in the crystal 
structure of Fe(IO3)3.7 Simultaneously, second-neighbor I-O distances above 2.5 Å show a 
notably decrease at HP (see Fig. 4). Therefore, these O atoms enter progressively into the 
coordination sphere of iodine atoms and induce changes in the coordination of I atoms. We 
believe the enlargement of the short I-O bonds under compression is responsible for the 
softening of most high-frequency modes and is a consequence of a charge transfer from the short 
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I-O bonds to the large I-O bonds in order to increase the iodine coordination. Such an increase of 
the bond distance and decrease of the bond charge has been recently observed in As2S324 and has 
been related to the novel phenomena of “metavalent” bonding; i.e. the observation of a new-type 
of chemical bonding intermediate between covalent and metallic bonding and characterized by 
bonds with less than two electrons per bond.26,27 In some oxides with strong LEP stereoactivity at 
room pressure, this behavior has been related to the existence of a unusual IPTs, like in α-
Sb2O316–18 and β-Bi2O3.19,20  
We will present now evidence supporting the existence of subtle IPTs in Fe(IO3)3. Such 
transitions were not detected by previous XRD studies because of this subtle phase transitions 
involve only continuous changes in the crystal structure, with no discontinuities in the unit-cell 
parameters or atomic positions. In contrast, RS experiments, sensing local properties, as the 
vibrations are, are more sensitive for detecting such subtle transitions. We have found evidence 
for the two IPTs not only from the pressure dependence of phonons and bond distances, but also 
from the analysis of atomic positions and elastic constants that correlate with changes in lattice 
parameters at HP. A detailed analysis of all this information places the transitions, near 1.5-2.0 
and 5.7-6.0 GPa. For the sake of briefness, we present the evidence for the two IPTs in Figs. S5 
to S10 of the SI. These figures show the theoretical pressure dependence of the unit-cell 
parameters and free atomic parameters of Fe(IO3)3. In particular, the two IPTs, marked by the 
vertical dashed lines in those figures, can explain the strong non-linear S-like behavior of a 
number of parameters of Fe(IO3)3; for instance, the z coordinate of the Fe atom. Additional 
support for the two IPTs near 1.5 and 5.7 GPa comes from the pressure dependence of the elastic 
constants, which is shown in Fig. 6. In particular, at 1.7 GPa there is a clear jump of C33, C66, 
C12, C13. Such changes are indicative of the occurrence of phase transitions.28–30 At 5.7 GPa there 
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are also changes in the elastic constant, they are less evident that at 1.7 GPa; but there are 
detectable changes in the pressure dependence of C13 and C33 as can be seen in Fig. 6. 
In order to understand the nature of the two IPTs without change of volume, we have 
calculated the phonon dispersion curves of Fe(IO3)3 at 0, 1.5, 5.7, and 7.5 GPa, which are shown 
in Fig. 7. As observed, the phonon dispersion curves show small dynamic instabilities (negative 
frequencies) near the Γ-point at 1.5 and 5.7 GPa that are not observed either at 0 or at 7.5 GPa. 
Consequently, we can conclude that the two IPTs observed in Fe(IO3)3 are of a similar nature as 
the one of tetragonal β-Bi2O319,20 and perhaps also in α-Sb2O3.16–18 
Additional support to the existence of two IPTs in Fe(IO3)3 comes from the study of 
phonon lifetime change with pressure. In the case of Raman spectroscopy, the full width at half 
maximum (FWHM) is related inversely to the phonon lifetime. The pressure dependence of the 
FWHM of two modes of Fe(IO3)3, which do not overlap with other modes, is shown in Fig. 8. It 
is evident from the that the line width of the mode with wavenumber 400 cm−1 increases 
substantially with pressure beyond 2 GPa. On the other hand, the mode with wavenumber 792 
cm-1 as a sharp change in the pressure evolution of the line width at 6 GPa. Such changes are 
typical of IPT transitions.18-22 We think that the fact that they take place at the same pressure that 
changes in pressure dependence of phonons, bond-distances, and elastic constants is not a mere 
coincidence, but another evidence of the occurrence of IPTs in Fe(IO3)3. Additional changes are 
observed in the behavior of phonons FWHM around 15 – 20 GPa, but they are related to 
precursor effects of the first-order transition previously reported at 22 GPa. 
Summing up, both Raman experiments and DFT calculations support that there are soft-
modes in Fe(IO3)3 which are related to the increase of the three short I-O bonds with pressure. 
 12 
The short I-O bonds increase while the second-neighbor I-O bonds decrease with pressure. 
Moreover, the non-linear S-like behavior of several Raman-active modes (also of several IR-
active modes),7 as well as of some elastic constants can be explained by the occurrence of two 
IPTs around 1.5-2.0 and 5.7-6.0 GPa. The two IPTs are clearly related to changes in the behavior 
of lattice parameters and free atomic positions.  
The formation of additional I-O bonds at HP in metal iodates has important consequences 
of the behavior of phonons under compression.31 Therefore, the present discovery of continuous 
IPTs in a metal iodate, like Fe(IO3)3, opens the door to interesting findings in this family of 
compounds at HP. In particular, we have noticed that in KIO3 also two internal stretching modes 
of the IO3 unit are soft modes.13 This compound undergoes a phase transition at 5 GPa. It would 
be not surprising that the observed soft modes in KIO3 could be related to a collective instability 
which makes the crystal structure unstable, thus triggering a phase transition.32,33 This suggests 
that the triggering of phase transitions by soft modes could be a common feature of metal 
iodates. 
In conclusion, The lattice dynamics of Fe(IO3)3 has been studied up to 21 GPa, within the 
range of stability of the low-pressure hexagonal phase, by means of Raman spectroscopy 
measurements, which have been interpreted using density-functional theory calculations. Our 
measurements and calculations evidence a progressive decrease of the phonon gap and the 
softening of most high-frequency vibrational modes at least up to 2 GPa. The frequency, pressure 
dependence, and symmetry of the different modes have been determined. The soft modes in the 
high-frequency region are related to internal I-O vibrations of IO3 units. Among them, we 
include the symmetric stretching I-O vibration of IO3 units, which is the strongest Raman-active 
mode. The soft mode behavior is proposed to be connected with the increase of the shortest I-O 
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bond distances due to a gradual increase of the iodine coordination that leads to a decrease of the 
short I-O bond forces due to a charge transfer to long I-O distances. The non-linear S-like 
behavior of a number of experimental and theoretical Raman-active modes, as well as other 
physical properties, can be explained by the existence of two isostructural phase transitions at 
1.5-2.0 and 5.7-6.0 GPa which occur without a volume change and only a change in volume 
compressibility. Our results have been compared with result from other metal iodates in order to 
try to find general features in the iodate family. The present discovery of unusual isostructural 
phase transitions in a metal iodate, like Fe(IO3)3, and their relationship to soft modes open the 
door to interesting findings in the iodate family of compounds under compression and invite to 
revisit the high pressure behavior of iodine-based compounds, like KIO3. 
METHODS 
Samples: For the study of Fe(IO3)3, we used the same sample used in our previous x-ray 
diffraction (XRD) and infrared (IR) studies7 that was prepared by a co-precipitation technique. A 
description of the sample preparation method can be found in Ref. 7. The purity of the sample 
and crystal structure was confirmed by XRD measurements.7 
High-pressure generation: We performed HP-RS measurements at room temperature up to 21 
GPa using silicone oil as a pressure-transmitting medium (PTM)14,15 to avoid the hydration of the 
metal iodates,1 and the ruby fluorescence scale as our pressure gauge.34 For these studies, 
samples, ruby chips and the PTM were loaded in the 200-µm diameter hole of a pre-indented 
steel gasket inside a diamond-anvil cell (DAC). We made a careful loading of materials inside 
the DAC to avoid both sample hydration and sample bridging between diamond anvils.35  
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Raman spectroscopy: HP-RS measurements, with a fixed time of 20 s, were performed using an 
inVia Renishaw Raman spectrometer system with a 5× magnification objective. A laser 
wavelength of 532 nm and a grating of 2400 lines·mm−1, provided a spectral resolution better 
than 2 cm-1. 
Overview of the calculations: DFT calculations were used for the interpretation of experiments 
and mode assignment. Total-energy and phonon calculations as a function of pressure for 
Fe(IO3)3 were previously published by part of the coauthors of this work.7 Such calculations 
were performed using the Vienna ab initio simulations package (VASP) within the generalized 
gradient approximation (GGA) with the PBE for solids (PBEsol) functionals. The Hubbard 
potential, U, was also used (Ueff = 5.4 eV) to account for the strong correlation between the 
electrons in the d shell, as we previously did to explain XRD and IR results.7 After optimizing 
the crystal structure at different pressures, phonon frequencies and phonon dispersion curves 
were calculated using the direct force method. The elastic constants were calculated using 
density functional perturbation theory. Thanks to DFT calculations we have been able to identify 
atomic motions associated with phonons using the J-ICE software.36  
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Table 1. Theoretical and experimental zero-pressure frequencies, ω, pressure coefficients, 
dω/dP, and Grüneisen parameters, γ, of Raman-active modes of Fe(IO3)3. In fact, our 
experimental frequencies correspond to 0.5 GPa. Raman-active (R) or both Raman- and IR-
active (RI) are indicated. Results of previous experiments8,9 have been also included for 
comparison. To calculate the Grüneisen parameters, we have used the theoretical bulk modulus 
(36 GPa) for calculations and the experimental bulk modulus (55 GPa) for experiments.7 
















A1(RI) 57.3 -0.08 -0.05     55 
E11(RI) 65.6 3.10 1.70      
E21(R) 79.8 1.24 0.56      
E22(R) 89.6 5.21 2.09    86 85 
A2(RI) 112.3 4.88 1.56 112 2.44 1.20  110 
E12(RI) 119.8 2.48 0.75 121 1.78 0.81 125 125 
A3(RI) 126.1 1.85 0.53      
E23(R) 131.8 5.57 1.52 131 3.57 1.50   
E13(RI) 165.4 3.96 0.86 175 0.70 0.22 166 165 
E24(R) 172.3 6.65 1.39      
E25(R) 194.5 4.49 0.83      
E14(RI) 202.2 6.16 1.10      
A4(RI) 212.7 2.53 0.43 212 2.76 0.72  205 
E15(RI) 219.4 9.30 1.53      
E26(R) 223.5 5.17 0.83 230 4.27 1.02 223 225 
A5(RI) 239.8 6.48 0.97 237 6.76 1.57   
E27(R) 245.3 7.99 1.17      
E16(RI) 269.8 4.83 0.64      
A6(RI) 270.7 7.35 0.98 274 7.14 1.43 266 265 
A7(RI) 291.7 1.88 0.23 316 0.65 0.11 320 315 
E17(RI) 316.5 4.51 0.51 334 1.36 0.22   
E28(R) 334.2 2.90 0.31 353 1.78 0.28 350 350 
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E18(RI) 382.5 4.06 0.38      
E29(R) 385.5 6.06 0.57      
A8(RI) 391.4 3.02 0.28 400 4.27 0.59 394 395 
A9(RI) 436.9 7.89 0.65 459 5.78 0.69 450 445 
E210(R) 445.1 7.15 0.58      
E19(RI) 445.9 7.74 0.62      
E211(R) 619.8 -1.40 -0.08      
E110(RI) 622.1 -0.65 -0.04 685 -0.20 -0.02 685 685 
A10(RI) 637.7 -1.68 -0.09 703 -2.32 -0.18   
E212(R) 674.7 0.07 0.00 727 -0.87 -0.07 726 726 
E111(RI) 697.9 -2.38 -0.12 765 -3.72 -0.27 755 756 
A11(RI) 729.2 -1.45 -0.07 792 -3.51 -0.24 795 796 
E112(RI) 770.7 -5.59 -0.26 821 -3.40 -0.23  826 
A12(RI) 774.0 -6.95 -0.32 829 -6.41 -0.43 831  
E213(R) 791.1 -5.25 -0.24      





Figure 1: Schematic representation of the crystal structure of Fe(IO3)3 at room pressure. Two 
different perspectives are shown. FeO6 octahedral units are shown in brown color. I and O atoms 
are represented in purple and red color, respectively. Short I-O bonds are shown with gray solid 
lines, while long I-O bonds that do not result in an increased coordination are shown with blue 
dashed lines. Fe atoms are six-fold coordinated whereas I atoms are three-fold coordinated. 
Figure 2: Selection of Raman spectra measured in Fe(IO3)3 at different pressures. The top 
Raman spectrum was taken upon decompression “d” to show the reversibility of the process. 
Bottom marks indicate the frequencies of the experimental modes at the smallest pressure. 
Figure 3: Experimental (symbols) and theoretical (solid lines) pressure dependence of Raman-
active mode frequencies in Fe(IO3)3. Green, black, and red colors correspond to A, E1, and E2 
modes, respectively. In the high-frequency region (top panel), calculated modes have been 
shifted 60 cm-1 to higher frequencies to facilitate comparison with experiments. The vertical 
dashed lines indicate the pressures where changes associated to the two IPTs can be observed. 
Figure 4: Calculated pressure dependence of I-O bond distances. The vertical dashed lines 
indicate the pressures where changes associated to the two IPTs can be observed. A gradual 
increase of I coordination can be inferred from this figure. 
Figure 5: Theoretical ω-2/3 versus average theoretical I-O bond distances in IO3 units of Fe(IO3)3. 
In the upper axis the pressure of each average bond distance is indicated. It can be seen that the 
average I-O bond distance increases under compression.  
Figure 6: Calculated pressure dependence of elastic constants in Fe(IO3)3. The vertical dashed 
lines indicate the pressures where changes due to the two IPTs can be observed. Note the 
changes of the elastic constants especially around 1.5 GPa. 
Figure 7: Calculated phonon dispersion curves along the Γ-M-K-Γ-A-L-H-Γ direction at 0 (a), 
1.5 (b), 5.7 (c) and 7.5 GPa (d). At 1.5 and 5.7 GPa, small dynamic instabilities (smaller at 1.5 
GPa) are observed near the Γ point that are not observed at 0 and 7.5 GPa. 
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Figure 8: Pressure dependence of the Full width at half maximum (FWHM) of phonons with 
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Figure S1: View of the atomic vibrations of the A11 mode of Fe(IO3)3 calculated at 729.2 
cm-1 and corresponding to the experimental mode of 792 cm-1. Orange, purple and red 
balls represent Fe, I and O atoms, respectively. This mode is a symmetric stretching I-O 







Figure S2: View of the atomic vibrations of the A12 mode of Fe(IO3)3 calculated at 774.0 
cm-1 and corresponding to the experimental mode of 821 cm-1. Orange, purple and red 
balls represent Fe, I and O atoms, respectively. This mode is an asymmetric stretching I-O 
mode where the one of the O atoms of IO3 units vibrate against the iodine atom, while the 







Figure S3: View of the atomic vibrations of the E213 mode of Fe(IO3)3 calculated at 791.1 
cm-1 and corresponding to the experimental mode of 829 cm-1. Orange, purple and red 
balls represent Fe, I and O atoms, respectively. This mode is an asymmetric stretching I-O 
mode where the one of the O atoms of IO3 units vibrate against the iodine atom, while the 
other two O atoms are almost at rest. Note the different small movement of I atoms in 






Figure S4: View of the atomic vibrations of the E110 mode of Fe(IO3)3 calculated at 622.1 
cm-1 and corresponding to the experimental mode of 685 cm-1. Orange, purple and red 
balls represent Fe, I and O atoms, respectively. This mode is another asymmetric 
stretching I-O mode where the two of the O atoms of IO3 units vibrate out-of-phase 








Figure S5: Calculated pressure dependence of lattice parameters a and c in Fe(IO3)3. The 








Figure S6: Calculated pressure dependence of z free atomic parameter of the Fe atom in 
Fe(IO3)3. The vertical dashed lines indicate the pressures where changes associated to the 







Figure S7: Calculated pressure dependence of x, y, and z free atomic parameters of the I 
atom in Fe(IO3)3. The vertical dashed lines indicate the pressures where changes 









Figure S8: Calculated pressure dependence of x, y, and z free atomic parameters of the O1 
atom in Fe(IO3)3. The vertical dashed lines indicate the pressures where changes 








Figure S9: Calculated pressure dependence of x, y, and z free atomic parameters of the O2 
atom in Fe(IO3)3. The vertical dashed lines indicate the pressures where changes 
associated to the IPTs can be observed. Note the completely different behavior of the 





Figure S10: Calculated pressure dependence of x, y, and z free atomic parameters of the 
O3 atom in Fe(IO3)3. The vertical dashed lines indicate the pressures where changes 
associated to the IPTs can be observed. Note the completely different behavior of the 
three free atomic parameters in the three pressure regions. 
